
New England 

• What makes this region unique? 

• What are major stressors? 

• What changes have been occurring across the 
landscape? 
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New England - ECOREGIONS
 

• General characteristics 
that separate these 
ecoregions 

• Are these good for 


analysis regions?
 

• Subregions? Group 
across these? 
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New England - TOPOGRAPHY
 

• 	 Northeast Highlands – highest terrain 
• 	 How much does topography drive ecoregional patterns? How you sample? 

Dispersal ability? 
• 	 What about directional characteristics of drainages? 
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Orientation 
of Drainages 
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New England - LULC
 

• Urban hot spots, ag, extensive forested areas 
• Comparability for monitoring designs?  References?5 

NLCD 2001: http://gisdata.usgs.gov/website/mrlc/viewer.htm 



New England - IMPOUNDMENTS 
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Impoundments  

ns?  

• Affects on temperature, flow 
Interactions with climate change 
Comparability for monitoring desig
References? 

• 

• 



New England - CLIMATE
 
•	 Includes extremes of both hot and cold temperatures, 

droughts, heavy rainfall, hurricanes, tornadoes, 
blizzards, and more 

•	 Impacted by North Atlantic Oscillation (NAO) 

•	 December-January-February-March (DJFM) seasonal 
index is the main "season" of the NAO in northern 
winter; this is when the atmosphere is most 
dynamically active 
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INTERACTIVE DISCUSSION
 

• What changes have you been seeing in the 
landscape (not just climate-related)? 

• What are the main stressors for your streams? 
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New England & Climate Change 

•Projections 
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Projected changes in temperature 
& precipitation for New England 

Hayhoe et al. 2007 
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Schoof et al. 2010 

Projected changes in 
precipitation for New England 
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13 Hayhoe et al. 2007 



Projected change in probability of low flows 
 

Hydrologic 
modeling using 
projected 
climate 
scenarios 
indicates 
decreased 
probability of 
low flows 

Hayhoe et al. 2007 
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Projected change in probability of high flows 
 

Hydrologic 
modeling using 
projected 
climate 
scenarios 
indicates 
increased 
probability of 
high flows, 
particularly in 
northern New 
England 

Hayhoe et al. 2007 
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Snowmelt-driven high spring flow 

Projections indicate earlier spring snowmelt 

Hayhoe et al. 2007 
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Projected changes in average 
daily flows 

Projections indicate longer periods of summer low flows 

Hayhoe et al. 2007 
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Jacobson 
et al. 2009 



Vulnerabilities of stream and river 
ecosystems in the context of climate 

change 
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Vulnerability: susceptibility of a system to 
sustaining damage from climate change, 
including variability in climate 

IPCC 200120 



 

Is climate change a new threat? 

• Most of the impacts of climate change are similar to 
other existing stressors, which are being dealt with by 
current water resource decision-making. 
–Higher high flows, lower low flows – similar to effect 

of urbanization 
–Warmer water temperatures – similar to effect of 


thermal effluents
 

–Sea level rise effect on coastal community water 
supplies – similar to effect of extraction-driven salt 
water intrusion 

Asam, Freed, Scheraga, Allan, Loughran AWRA
 

Conference Nov 12, 2007
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Increased water 
temperature 

Reduced ice cover 

Increased salinity / 
altered water chemistry 

Increased sea levels Altered evapo­
transpiration 

Increased air 
temperature 

Altered precipitation 
regimes 

Increased CO2 in 
atmosphere 

Responses can be measured using indicators 

Climatic changes
 

Effects in aquatic 
ecosystems 

Biological and 
ecological 
responses 

Assessment of 
responses 

Altered flow 

Increased CO2 in 
waters 

Ecosystem 

Altered energy flow and cycling 

Community 

Altered species tolerances & interactions 

Population 

Altered demographic rates 

Individual 

Altered vital rates 

Increased snowmelt 

Altered stratification 
regime 



Which areas and types of streams are 
most vulnerable to climate change? 

Considerations: 

• Ecoregions 
• Elevation  
• Stream size (Strahler order) 
• Land use 
• Reference sites 
• Groundwater inputs 
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Vulnerabilities
 



 

Map of minimally disturbed routine 
biomonitoring sites in the 
northeastern U.S. 

We developed a map for this workshop that shows a subset 
of minimally disturbed routine biomonitoring sites. It is meant 
to: 
– help inform our discussion of landscape-scale vulnerabilities 
– understand the regional context and spatial distribution of sampling 

sites 
– provide a sense of how many years of data are available for these 

sites 
– Identify candidate sites for long-term monitoring and testing 


hypotheses of climate-related effects on indicators
 

This map does NOT represent a comprehensive list of 
sites. The criteria that were used when selecting these 
sites varied. 
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Minimally Disturbed Routine Biomonitoring 
Sites in the northeastern U.S. 
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Vulnerabilities 

Vulnerabilities 

Considerations: 

• Ecoregions 
• Elevation  
• Stream size (Strahler order) 
• Land use 
• Reference sites 
• Groundwater inputs 



•Which ecoregions do you think 
are most vulnerable? 
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What did we learn from the pilot studies?
 

ECOREGIONS 

Trends evident in Parameter-elevation Regressions 
on Independent Slopes Model (PRISM) annual 
average maximum and minimum air-temperature 
data (1974 to 2006) 

(PRISM Climate Group, Oregon State University, Corvallis, Oregon; 
http://www.prismclimate.org, data ) 
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• Stronger warming trend in Northeastern 
Highlands 

29 

PRISM mean annual air temperature (°C) values (averaged across each major ecoregion) for Maine 



• Precipitation highly variable in all 3 

ecoregions
 

30 
PRISM mean annual precipitation (inches) (averaged across each major ecoregion) for Maine 



 

 

PRISM MEAN ANNUAL AIR 
TEMPERATURE AND PRECIPITATION 
(AVERAGED ACROSS ALL SITES) 

•Northeastern Coastal Zone has highest mean annual 
air temperature and precipitation 

Level 3 Ecoregion n Mean 
Elevation (ft) 

Mean PRISM 
annual air 

temperature (F) 

Mean PRISM annual 
precipitation (inches) 

Laurentian Plains and 
Hills 2830 213.9 43.7 43.3 

Northeastern Coastal 
Zone 576 96.1 47.0 49.3 

Northeastern 
Highlands 857 690.3 42.5 45.8 

Note that there are many more sampling sites in 
the Laurentian Plains & Hills than in the other 
ecoregions 



 
LULC WITHIN 1 KM OF SITES (AVERAGED 
ACROSS ALL SITES) 

•Differences in LULC evident across ecoregions 

% LULC within 1km buffer (Mean ±  St Dev) 
Level 3 Ecoregion AGR URB FOR 

Laurentian Plains and Hills 15.3 ±  15.6 24.1 ±  20.7 47.6 ±  22.5 

NE Coastal Zone 8.5 ±  8.8 44.2 ±  27.5 40.8 ±  22.8 

NE Highlands 11.9 ±  9.9 16.2 ± 14.5 64.1 ±  22.0 



 

Distribution of cold and warm water 
taxa - ECOREGION 

NOTE: cold and warm water taxa will be a focal point of 
many of our discussions because thermal preference 
metrics showed more consistent and noticeable trends 
than other indicators/metrics. 

We looked at 3 individual sites with long-term data (9 or 
more yrs). These are Class AA or A sites in the Laurentian 
Plains and Hills. We also looked at distributions in site 
groups in the Laurentian Plains and Hills and Northeastern 
Highlands that had stringent LULC criteria (<5% urban and 
<10% agricultural within a 1 km buffer). 
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Distribution 
of cold 

water taxa 

#Sites refers to the number 
of sites or site groups at 
which the taxa occurs. 
A=absent. P=present. 
Relative abundance codes: 
L=low (<0.01), M=me  dium 
(0.01-0.1), H=high (>0.1) 
(M or H are in bold type). 
Guide to interpretation: P-
1L = present, occurred 
during1 year, low relative 
abundance (RA), P-11M = 
present, occurred during 11  
years, m  edium RA, etc. 

Maine cold water temperature indicator taxa 
FinalID #Sites ME56817 ME57011 ME57065 Laur NEHigh 
Ameletus  
Apatania  

1  
1  

A  
A  

A  
A  

A  
A  

A  
A  

P-
P-
P-3M 

A 
P-1L 
P-4M 
P-7M 
P-2L 
P-3L 
P-1L 
P-
P-3M 
P-6M 

A 
P-

P-1L 
P-

A 
P-2L 
P-4L 
P-5M 

A 

P-
P-
P-7M 

P-
P-1L 
P-6M 
P-2M 
P-6M 

P-4M 
A 
A 
A 

Boyeria 5 P-11L 
A 

P-11M 
A 

P-9M 
A 

P-8M 
A Capnia 0 

Diplectrona 2 A A P-1L A 
Epeorus 2 P-10L A A A 
Eurylophella 4 A P-1L P-9M P-7M 

P-4L Glossosoma 3 P-1L A A 
Heterotrissocladius 2 A A P-1L A 
Hydatophylax 3 A P-1L A P-2L 
Lanthus 
Larsia  

1 
1  

A  
A  

A  
A  

A  
A  

A  
A  

Leuctra 4 A P-4L P-1L P-5L 
P-4M Limnephilus 1 A A A 

Macropelopia 1 A  A  A  A  
Malirekus  0  A  A  A  A  
Micrasema 2 P-9L 

A  
A 
A  

A 
A  

A 
A  Natarsia  1  

Nemoura  0  A  
P-1L 

A  
P-6L 

A  
P-5L 

A  
P-1L 
P-6M 
P-2L 
P-6M 

A  
P-5L 

A  

Nigronia 4 
Oligostomis 2 A A A 
Oulimnius 2 A A A 
Pagastia 4 P-1L P-1L A 
Palaeagapetus  0  A  A  A  
Paracapnia 2 A P-1L A 
Paranemoura 0 A  A  A  
Parapsyche  
Peltoperla 

1  
1 

A  
A  

A  
A  

A  
A  

A  
A  

Perlodidae 3 P-2L A A P-4M 
A  
A  

Prodiamesa  
Prostoia  

0  
0  

A  
A  

A  
A  

A  
A  

Pseudodiamesa 1 A  A  A  A  
Psychoglypha 2 A A A P-4L 
Pteronarcys 
Rhithrogena 

1 
1 

A 
A 

A 
A 

A 
A 

A 
A 

Sweltsa 3 A A P-1L 
A  

P-4L 
A  Taenionema 0 A  A  

Tallaperla  1  A  A  A  A  
Utacapnia 
Utaperla 
Zapada 

0 
0 
0 

A 
A 
A 

A 
A 
A 

A 
A 
A 

A 
A 
A 

4L  
2L  

1L  

2L  
A  

1L  
A  

A  

A  
3L  
1L  

A  
A  
1L  

A  

NE Highlands 
site group 
had most 
cold water 
taxa



Distribution 
of warm 

water taxa 

#Sites refers to the number of sites 
or site groups at which the taxa 
occurs. A=absent. P=present. 
Relative abundance codes: L=low 
(<0.01), M=me  dium (0.01-0.1), 
H=high (>0.1) (M or H are in bold 
type). Guide to interpretation:  P-1L 
= present, occurred during1 year, 
low relative abundance (RA), P-
11M = present, occurred during 11  
years, m  edium RA, etc. 

FinalID #Sites ME56817 ME57011 ME57065 Laur NEHigh 
Acroneuria 4 P-23M P-12M P-9M A P-3M 
Amnicola 3 P-12L P-2L P-5L A A 
Argia 3 P-7L P-6L P-1L A A 
Attaneuria 1 P-3L A A A A 
Caenis 1 A P-3L A A A 
Cardiocladius  1  P-1L  A  A  A  A
Ceraclea 4 P-5L P-3L P-2L A P-1L 
Chaetogaster 3 P-1L A P-2L P-1L A 
Dicrotendipes 3 P-2L P-2L P-2L A A 
Erpobdella 1 A  A  A  A  P-1L
Ferrissia 2 P-5L P-2L A A A 
Helicopsyche 3 P-7L P-8M A  A  P-1L
Helisoma 1 A A P-2L A A 
Hemerodromia 3 P-6L P-11M P-3L A A 
Hydra 4 P-1L P-1L P-3L P-2L A 
Hydroptila 3 P-14M P-3L A P-1L A 
Isonychia 2 P-22M P-3L  A  A  A
Labrundinia 2 P-2L P-2L A A A 
Leucrocuta 3 P-19M P-11M P-6M A A 
Macrostemum 2 P-16M P-3L  A  A  A
Neureclipsis 4 P-22M P-2L P-1L A P-2L 
Nilotanypus 4 P-5L P-2L P-1L A P-2L 
Oecetis 4 P-8L P-9M P-8M A  P-3L
Orconectes 1 P-1L A A A A 
Parachironomus 0 A A A A A 
Paragnetina 2 P-2L P-1L A A A 
Pentaneura 2 P-13L P-1L A A A 
Physa 2 A A P-4M P-3L A 
Physella 2 P-8L A P-5M A A 
Plauditus 3 P-6L P-1L A A P-1L 
Prostoma 2 P-1L P-1L A A A 
Psectrocladius 3 P-1L A P-8M P-1L A 
Pseudocloeon 1 P-7L A A A A 
Rheopelopia 3 P-8L P-5L P-1L A A 
Serratella 3 P-15M P-2L A A P-1M 
Stenacron 2 A P-1L P-9M A A 
Stenelmis 5 P-19M P-10M P-1L P-6M P-4L 
Stenonema 5 P-23M P-12M P-9M P-7M P-6M 
Tribelos 1 A A A P-1L A 
Tricorythodes 2 P-6L P-11M A A A 

 

 

 

 

 

 

Warm water taxa 
well-represented 
at Laurentian 
Plains & Hills 
sites 
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Distribution of cold and warm water 

taxa – Class AA & A sites (all reps) 
 

Relatively low numbers of cold water taxa in all 3 ecoregions; 
 

Median # of cold water taxa slightly lower & median # of warmer water taxa 
 

higher in Laurentian Plains and Hills; 
 

Similar patterns at all sites (vs. just Class AA & A), but more ‘noise’ 
 36 



Distribution of cold and warm water 

taxa – Class AA & A sites (all reps) 
 

Relatively low % cold water individuals in all 3 ecoregions; 
 

Median % cold water individuals slightly lower & median % warmer water 


individuals higher in Laurentian Plains and Hills; 
 

Similar patterns at all sites (vs. just Class AA & A), but more ‘noise’ 
 37 
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Vulnerabilities 

Vulnerabilities 

Considerations: 

• Ecoregions 
• Elevation  
• Stream size (Strahler order) 
• Land use 
• Reference sites 
• Groundwater inputs 



ELEVATION 

• Are higher or lower elevation sites more 
vulnerable? 

39 



ELEVATION 
 
• Expectation - some cold-water organisms could face 
local extinctions, particularly in high-elevation 
headwater streams where habitat and dispersal 
options are limited (Sweeney et al. 1992, Poff et al. 
2002). 
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Distribution of cold and warm water taxa
 
– Class AA & A sites (all reps) 

•Higher median # cold water taxa at higher elevation sites (>500 ft) 
•Higher median # warm water taxa at lower elevation sites (<500 ft) 
•Similar patterns at all sites (vs. just Class AA & A), but more ‘noise’ 
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Distribution of cold and warm water taxa
 
– Class AA & A sites (all reps) 

•Higher median % cold water individuals at higher elevation sites (>500 ft) 
•Higher median % warm water individuals at lower elevation sites (<500 ft) 
•Similar patterns at all sites (vs. just Class AA & A), but more ‘noise’ 
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Vulnerabilities 

Vulnerabilities 

Considerations: 

•Ecoregions 
•Elevation 
•Stream size (Strahler order) 
•Land use 
•Reference sites 
•Groundwater inputs 



Stream size (Strahler order) 

• Are headwater streams more vulnerable? (dispersal 
options limited? More cold water taxa? More 
specialized assemblages?) 

• Or are 3-5th order streams more vulnerable since 
these tend to be more impacted by anthropogenic 
stressors, and therefore are likely to have 
compromised buffering capacity? (i.e., Poole and 
Berman 2001). Challenge = tougher to tease out 
climate change effects due to confounding factors 
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Size and position along stream
 

Stream temperatures are close 
to groundwater temperatures 
near source 

Streams warm in the 
downstream direction 

Diel variability increases 
initially, then declines due to 
thermal inertia of larger water 
volume 

45 
from Caissie (2006)
 



Distribution of cold and warm water 

taxa – Class AA & A sites (all reps) 
 

•Higher median # cold water taxa at 1-3 order streams vs. 4-6 order 
•Higher median # warm water taxa at 3-6 order streams vs. 1-2 order 
•Similar patterns at all sites (vs. just Class AA & A), but more ‘noise’ 
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Distribution of cold and warm water 

taxa – Class AA & A sites (all reps) 
 

•Higher median % cold water individuals at 1-2 order streams 
•Higher median % warm water individuals at 3-6 order streams 
•Similar patterns at all sites (vs. just Class AA & A), but more ‘noise’ 
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Perennial/Intermittent 

• More smaller headwater streams may become 
intermittent 

• Tough to evaluate with Maine data 

• Rock basket collection method targets perennial 
streams 

48 VT, NH, CN  all have mapping initiatives
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Vulnerabilities 

Vulnerabilities 

Considerations: 

• Ecoregions 
• Elevation  
• Stream size (Strahler order) 
• Land use 
• Reference sites 
• Groundwater inputs 



Climate and Land Use
 
• Climate will affect stream flows 

• Happening over an ongoing dramatic change in land 
use 

• Effects of climate change will be felt to differing 
degrees relative to land use change 

50 



Land Use Effects
 

• Hydrologic alteration 
• Sedimentation 

Pathways

Impacts 

• Nutrient enrichment 
• Contaminant delivery 
• Riparian clearing/canopy opening 
• Loss of large woody debris 

Allan, J.D.  2004. Landscape and riverscapes:  The influence 
of land use on river ecosystems. Annual Reviews of Ecology, 
Evolution and Systematics 35:257-284.
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Climate change 

Urban growth 

Agriculture 

Timber harvest 

Mining 

Atmospheric 
pollution 

Water-born 
contaminants 

The causal sequence from stressors and their sources through the 
five major water resource features to the biological responses, i.e., 
the biological endpoints. 
TALU doc 08-31-05 Fig 1-2 
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Multiple factors influence flow 

• Land-use change tends to increase flow variability 

• Flow conveyances (urban, agriculture) increase 
flashiness 

• Impoundments tend to reduce flow variability 

• Water abstraction lowers seasonal base flows and 
accentuates effects of droughts 
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Climate Interacts with other stressors 
 

• Warming interacts with impoundments, shade, and 
water abstraction 

• Flow variability interacts with impoundments, land use, 
impervious surfaces, flow conveyances 

• Species assemblages and food webs are affected by 
pollutants, habitat loss, invasive species 
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A Flow Case Study


by Mike Paul (Tetra Tech, Inc.) 

• How would hydrologic response to climatic change in Mid-
Atlantic compare with land use impacts? 

• Focused on Baltimore-Washington (Baltington) Metroplex.
 

• Gathered historic precipitation and flow data 
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1962 – 107 events, 40” 3

2.5 

Normal Rainfall (in) = 41±7 
Normal Storm Number = 115±11 

Pr
ec

ip
ita

tio
n 

(in
)


2 
 

1.5 

1 

0.5 

0 

1986 – 99 events, 35” 
 

0 100 200 300 400 

Date 

What we did 

• Find “future climate”-like years from past. 


“Future” Normal 
1963 1960 
1964 1961 
1967 1985 
 

1968 1987 
 

1969 1992 
 

1976 1994 
 

1986 1997 
 

2002 2001 
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What we did 

•  Collect 
urban and 
forest flow 
data 
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What we did 

• Calculated flashiness and IHA parameters 
• Looked at relative effect of land use and “climate” with 
ANOVA 

Forest Urban 

Normal 

Future 

Forest Urban 

Normal 

Future 

Forest Urban 

Normal 

Future 

Land Use – Yes 
Climate - No 

Land Use – No 
Climate - Yes 

Land Use – Yes 
Climate - Yes 

60 



Indicators of Hydrologic Alteration 
(IHA) 

http://www.nature.org/initiatives/freshwater/conservationtools/art17004.html 

Conservation Biology 1996, v. 10(4) 
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What we found
 

Low Flow Metrics Land Use Climate 
Low Pulse Count Y Y 

Low Pulse Duration Y N 

1 day/3 day/7 day min N Y 

Extreme Low Peak N N 

Extreme Low Frequency/Duration Y Y 

Climate Swamps Land Use Effects
 

Climate: Magnitude ↓; Frequency ↑; Duration ↑; Timing ↓; Rate of Change NA 
Land Use: Magnitude NA; Frequency ↑; Duration ↓; Timing NA; Rate of Change NA 
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Summary

Future Climate Effect Large Relative to 
Land Use

More Frequent, Longer, Lower Flows 
in “Future Climate”

Low Flow Events
Future Climate Effect Large Relative to 

Land Use
More Frequent, Longer, Lower Flows 

in “Future Climate”

<

Future Climate Effect Small Relative to 
Land Use

More Frequent, Shorter, Higher Flows 
in Urban

High Flow Events
Future Climate Effect Small Relative to 

Land Use
More Frequent, Shorter, Higher Flows 

in Urban

>
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Climate and Land Use Change Interaction
 

• High flows 
– Land use likely to dominate signal
 

• Low flows 
– Climate likely to dominate signal
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Vulnerabilities 

Vulnerabilities 

Considerations: 

• Ecoregions 
• Elevation  
• Stream size (Strahler order) 
• Land use 
• Reference sites 
• Groundwater inputs 



• CC may affect reference sites disproportionately, 
narrowing gap between reference and non-reference 

• Potential increase in variability in condition among 
reference sites may impede a state’s ability to detect 
impairment 
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Reference sites vulnerability to 
development 
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Reference sites vulnerability to 
development 

Future Scenario 
(A2) 

State 2000 2050 2100 
Mean of reference sites 
≥10% 

Maine 23% 
(26) 

24% 
(26) 

30% 
(32) 

North 
Carolina 

20% (9) 27% (9) 40% 
(10) 

Utah 0% (0) 87% (2) 64% (3) 

Mean of all reference 
sites 

Maine 6% 
(139) 

6% 
(139) 

8% 
(139) 

North 
Carolina 

4% (82) 5% (82) 7% (82) 

Utah 0% (27) 6% (27) 7% (27) 

68 Urban/Suburban Development within 1 km2 of Reference Sites
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Assessment finding: Reference station 
status degrades over time 
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BCG – level 1 & 2 sites- more likely to 
drop a level? 

Structure & function similar to 
natural community with some
additional taxa & biomass;
ecosystem level functions are fully
maintained. 
Evident changes in structure due 
to loss of some highly sensitive 
taxa; shifts in relative abundance; 
ecosystem level functions fully
maintained. 

Moderate changes in structure due 
to replacement of some sensitive 
ubiquitous taxa by more tolerant 
taxa; ecosystem functions largely
maintained. 
Sensitive taxa markedly diminished; 
conspicuously unbalanced 
distribution of major taxonomic
groups; ecosystem function shows 
reduced complexity & redundancy. 

Extreme changes in structure and
ecosystem function; wholesale
changes in taxonomic composition;
extreme alterations from normal 
densities. 

Natural structural, functional, and 
taxonomic integrity is preserved. 

Chemistry, habitat, and/or 
flow regime severely altered 
from natural conditions 

5 

6 

4 

3 

2 

1 

Watershed, habitat, 
flow regime and 
water chemistry as 
naturally occurs 

Levels of Biological Condition 

B
io

lo
gi

ca
l C

on
di

tio
n 

Exposure to Stressors 

Schematic of biological condition gradient, showing six levels of condition. 
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Vulnerabilities 

Vulnerabilities 

Considerations: 

• Ecoregions 
• Elevation  
• Stream size (Strahler order) 
• Land use 
• Reference sites 
• Groundwater inputs 
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Regional vulnerability to climate change
 
• Numerous factors drive stream/river thermal regimes 
• These lead to regional differences in thermal 

characteristics and responses to climate change 

72 
from Cassie et al. 2006
 

see also Poole and Berman 2001
 



Vulnerability - Temperature 
 

Stream structure Æ  resistance to warming and cooling:
 

• Insulating processes (e.g., channel width, riparian 
vegetation 

• Buffering processes  (e.g., hyporheic flow) 

73 
from Poole and Berman 2001 



 
74 

from Poff and Ward 1989 

Distributions of stream types 



 

Distributions of stream types -
Maine 

Predominantly perennial runoff streams 
-more heavily vegetated, mesic regions 

-less frequently flooded 

-less influenced by subsurface flow 
from Poff and Ward 1989 

75 

How important is groundwater buffering, other 
buffering characteristics, in New England? 



Vulnerabilities - SUMMARY 

• Differences in temperature trends across ecoregions 
• Differences in distributions of cold and warm water taxa 

across ecoregions, elevations and Strahler order 
• Climate and land use interaction – 

• With high flows, land use likely to dominate signal 
• With low flows, climate likely to dominate signal
 

• Climate change may affect reference sites 
disproportionately 

• Groundwater influence likely to be important 

76 
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Goals: 
• Understand the regional context of 


sampling sites 


• identify candidate sites for long-term 
monitoring and testing hypotheses of 
climate-related effects on indicators 
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ME 
Site selection was based on biology (sites attain Class A & AA status based on 
Maine's linear discriminant model). Only a subset of these sites are considered 
to be reference sites. 

NH 
Land use was a major consideration in reference site selection. Criteria varied 
by region (i.e. criteria had to be relaxed in some areas in order to provide 
adequate spatial distribution of sites). 

VT 
This represents a subset of reference sites that VT DEC has designated as 
long term monitoring sites (for biology and temperature). Some sites have 
USGS gages and continuous temperature loggers. 

CT 

Sites shown include long-term reference sites (best of USGS network), newer 
smaller reference sites (based on land use), and potential new reference sites 
(based on least disturbed watershed parameters & criteria - <4% impervious 
cover, >80% natural land cover, <10% developed land, no Reservoirs/Large 
Class C Dams, >0.5 miles below dams, watershed size > 1 Square Mile). 

MA 
Site selection was based on best professional judgment. Considerations 
included land use, % impervious cover, desktop and site reconnaissance. 

RI 
Reference sites with the longest term data are shown (there are additional 
reference sites in RI, but these have only been sampled intermittently) 

NY 

Land use was a major consideration in reference site selection (75% natural, 
<2%impervious, conductivity <150, previous assessments non-impacted where 
applicable). Not all of the sites that are shown on this map meet this criteria 
(i.e. in certain watersheds, sites represent the best attainable condition). Sites 
include reference sites that were sampled in 2008 and 2009 for the RIBS 
program, climate change project sites in NYC watersheds and reference sites 
from a recent nutrient criteria project. 
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Perennial/Intermittent
 
Examples of GIS initiatives to attempt to map 
intermittent/perennial streams: 

http://h2o.ehnr.state.nc.us/ncwetlands/HeadwaterStreams.htm
 

(NH) 

http://pubs.usgs.gov/sir/2006/5217/pdf/SIR2006-
5217_report.pdf (VT) 

Connecticut is working in coordination with the USGS stream 
stats program to develop an interactive stream flow map. 
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Climate Change Effects on Aquatic 
Ecosystems 

• Changes in air temperature influence changes in 
water temperature 

• Changes in precipitation timing and amount affect 


water quantity and quality, and timing of flows
 

• Thermal expansion and polar melting cause sea level 
rise 

• Increasing atmospheric CO2 decreases pH 
Effects vary regionally and seasonally 
 

Alterations have consequences throughout ecosystem
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Jacobson 
et al. 2009 



Evidence of 
Stream Warming 

Strong evidence of changes in 
length of season 

Freeze dates are later, 
thaw dates are earlier 

84 

From J.J. Magnuson 
and IPCC reports 



85 
Hayhoe et al. 2007 

Number of snow-
covered days per 
month 

Decreasing over time 
throughout New 
England region 




